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Abstract- We present the results of single event effects (SEE) 
testing and analysis investigating the effects of radiation on 
electronics. This paper is a summary oftest results. 
Index Terms-Single event effects, spacecraft electronics, 
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I. INTRODUCTION 
The performance of electronic devices in a space radiation 
environment is often limited by its susceptibility to SEE. 
Interpreting the results of SEE testing of complex devices is 
quite difficult. Given the rapidly changing nature of both 
technology and the related SEE issues being discovered, SEE 
test data are very application specific and adequate 
understanding of the test conditions is critical [l]. 
Given this limitation of test data (application-specific), 
studies discussed herein were undertaken to establish the 
sensitivities of candidate spacecraft electronics as well as new 
electronic devices to heavy ion and proton-induced single 
event upset (SEU), single event latchup (SEL), and single 
event transients (SET). For total ionizing dose (TID) and 
displacement damage (DD) results, see a companion paper 
submitted to th~ 2012 IEEE NSREC Radiation Effects Data 
Workshop entitled: "Compendium of Total Ionizing Dose and 
Displacement Damage for Candidate Spacecraft Electronics 
for NASA" by J?· Cochran, et al. [2]. 
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II. TEST T ECHNIQUES ANO SETUP 
A. Test Facilities 
All SEE tests were performed between March 2011 and 
February 2012. Heavy ion experiments were conducted at 
Lawrence Berkeley National Laboratory (LBNL) [3], and at 
Texas A&M University Cyclotron (TAMU) [4]. Both of these 
facilities are suitable for providing a variety of ions over a 
range of energies for testing. The devices under test (DUTs) 
were irradiated with heavy ions having linear energy transfers 
(LETs) ranging from 0.59 to 120 MeV•cm2/mg. Fluxes ranged 
from lx102 to lxl07 particles/cm2/s, depending on device 
sensitivity. Representative ions used are listed in Table I. This 
table is truncated in an attempt to keep this summary 
submission within the page limitations. LETs between the 
values listed were obtained by changing the angle of incidence 
of the ion beam with respect to the OUT, thus changing the 
path length of the ion through the DUT and the "effective 
LET" of the ion [5]. Energies and LETs available varied 
slightly from one test date to another. 
Proton SEE tests were performed at three facilities: the 
University of California at Davis (UCD) Crocker Nuclear 
Laboratory (CNL) [6], the Indiana University Cyclotron 
Facility (IUCF) [7], and at a 2 MeV Van de Graaff (VdG) 
particle accelerator. Proton test energies incident on the OUT 
are listed in Table II. 
Laser SEE tests were performed at the pulsed laser facility 
at the Naval Research Laboratory (NRL) [8] [9]. The laser 
light had a wavelength of 590 run resulting in a skin depth 
( depth at which the light intensity decreased to lie - or about 
37% - ofits intensity at the surface) of2 µm. A nominal pulse 
rate of I kHz was utilized. 
TABLE 1: HEAVY ION TEST F ACILmES AND TEST HEAVY IONS 
Surface 
Facility Ion Energy LET In SI Range In (MtV) (MeV-cm2/mg) Sl(jJm) 
. .. 
- . 
.- .. .... (Normal Incidence\ . . . 
"o 184 2.2 227 
22Ne 216 3.5 175 
LBNL 65Cu 659 21 110 
10 MeV per AMU tune 
'°'Ag 1834 39 156 
129Xe 1934 47 156 
TAMU 111Ta 119 2076 n 
15 MeV per AMU tune 
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TABLE II: PROTON TEST FACILITIES 
University of California at Davis (UCO) Crocker Nuclear Laboratory 
(CNL), energy tunes ranged from 6.5 to 63 MeV, llux ranged from SxJ07 
to 1>< 10' particles/cm2/s. 
Indiana University Cyclotron Facility (IUCF), energy ranged from 63 to 
198 MeV, flux ranged from 5" 10' to 3x 109 particles/cm2/s. 
TABLE !TI: LASER TEsT FACILITY 
Naval Research Laboratory (NRL) Pulsed Laser SEE Test Facility 
Laser: 590 nm, I ps pulse width, beam spot size -1.2 µm 
B. Test Meihod 
Unless otherwise noted, all tests were perfonned at room 
temperature and with nominal power supply voltages. We 
recognize that high-temperature and worst-case power supply 
conditions are recommended for single event latchup (SEL) 
device qualification. 
/) SEE Testing- Heavy Ion: 
Depending on the DUT and the test objectives, one or 
more of three SEE test methods were typically used: 
Dynamic - the DUT was exercised continually while being 
exposed to the beam. The events and/or bit errors were 
counted, generally by comparing the DUT output to an . 
unirradiated reference device or other expected output (Golden 
chip or virtual Golden chip methods) (10]. In some cases, the 
effects of clock speed· or device operating modes were 
investigated. Results of such tests should be applied with 
caution due to the application-specific nature of the results. 
Static - the DUT was loaded prior to irradiation; data were 
retrieved and errors were counted after irradiation. 
Biased - the DUT was biased and clocked while power 
consumption was monitored for SEL or other destructive 
effects. In most SEL tests, functionality was also monitored. 
In SEE experiments, DUTs were monitored for soft errors, 
such as SEUs and for hard errors, such as single event gate 
rupture (SEGR). Detailed descriptions of the types of errors 
observed are noted in the individual test reports [l l],[12]. 
SET testing was performed using a high-speed oscilloscope 
controlled via Labview® Individual criteria for SETs are 
specific to the device being tested and application. Please see 
the individual test reports for details [ 11 ]. 
Heavy ion SEE sensitivity experiments include 
measurement of the Linear Energy Transfer threshold (LET .0 
and cross section at the maximum measured LET. The LET th 
is defined as the maximum LET value at which no effect was 
observed at an effective fluence of Jxl07 particles/cm2• In the 
case where events are observed at the smallest LET tested, 
LET th will either be reported as less than the lowest measured 
LET or determined approximately as the LET 1h parameter 
from a Weibull fit. In the case of SEGR experiments, 
measurements are made of the SEGR threshold V ds as a 
function of LET at a fixed Vr,s· 
2) SEE Testing - Proton 
Proton SEE tests were performed in a manner similar to 
heavy ion exposures. However, because protons can cause 
SEE via indirect ionization by recoil particles, results are 
usually parameterized in terms of proton energy rather than 
. ". 
LET. Because such proton-induced nuclear interactions are 
rare, proton tests also feature higher cumulative fluences and 
particle flux rates than heavy ion experiments. 
3) Pulsed Laser Facility Testing 
The DUT was mounted on an X-Y-Z stage in front of a 
1 OOx lens that produced a spot diameter of about 1.2 µm at 
full-width half-maximum (FWHM). The X-Y-Z stage can be 
moved in steps of 0.1 µm for accurate positioning of SEU 
sensitive regions in front of the focused beam. An illuminator 
together with a charge coupled device camera and monitor 
were used to image the area of interest, thereby facilitating 
accurate positioning of the device in the beam. The pulse 
energy was varied in a continuous manner using a 
polarizer/half-waveplate combination and the energy was 
monitored by splitting off a portion of the beam and directing 
it at a calibrated energy meter. 
III. TESTREsULTS OVERVIEW 
Abbreviations and conventions are listed in Table IV. 
Table V contains a subset of the Principal Investigators. SEE 
results are summarized in Table VI. All tables are truncated in 
an effort to keep this summary submission within the page 
limitations. Also, some fonnatting modifications (i.e. smaller 
font sizes) were used in these tables in order to keep this 
summary submission within the page limitations. Unless 
otherwise noted, all LETs are in MeV•cm2/mg and all cross 
sections are in cm2/device. All SEL tests are performed at a 
fluence of l x 10·7 particles/cm2 unless otherwise noted. 
TABLE IV: ABBREVIATIONS ANO CONVENTIONS 
LET= linear energy transfer (MeV•cm2/mg) 
LET,h = linear ener~ transfer threshold (the maximum LET 
value at which ~o effect was ~bserved at an iffective 
fluence of lxlO particles/cm - in MeV•cm /mg) 
< = SEE observed at lowest tested LET 
> = no SEE observed at hi$hest tested LET 
cr = cross section (cm1/dev1ce, unless specified as cm2/bit) 
crmax mea~ = cross section at maximum measured LET (cm /device, unless specified as cm2/bit) 
BiCMOS = bipolar complementary metal oxide 
semiconductor 
CMOS = complementary metal oxide semiconductor 
DUT = device under test 
H = heavy ion test 
L = laser test 
LBNL = Lawrence Berkeley National Laboratory 
LDC = Jot date code 
NRL = Naval Research Laboratory 
P = proton test (SEE) 
PI= principal investigator 
J)I = petajoules 
SEE = single event effect 
SEFI = single event functional int~rrupt 
SEGR = single event gate rupture 
SEL = single event latchup 
SET= single event transient 
SEU = single event upset 
TABLE V: L1STOFPRDICIPAL INVESTIGATORS 
Principal Investigator (Pl) 
Megan Casey 
Dakai Chen 
Bob Gigliuto 
Abbreviation 
?v(B 
DC 
BG 
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! I , TABLE VI: SUM,MAR.Y 01' SEE TEST RESULTS 
As in past ":orkshop compendia of GSFC test results, this table will contain summaries for over 30 parts. In an effort to 
attempt to keep this summary submission within the page limitations, only two parts are summarized in the table below. 
• 
Test RHUlts LET In MtV-cm2/mg (1 In i· .t:1 .. _ Ttch• Particle: (Facility/Date) II).! J Part Number Manufacturtr LDC Device Function cm2/dtvlce, unltH othtrwltt ~E Ii• nology P.I. lptClfftd :, 0 E ~i! II>> ~ 
I L: Output voltage dropouts were I 
MSK observed on one location of OUT Step down ror various output loads ranging 5059RHG 1.8 and MSK5059RH I M. S. Kennedy Be0 switching BiCMOS L: (NRL 11AUG) DC from 0.2 to 4 A. 3.3V 1 
I 51651 USA regulator The laser energy threshold for the I dropcut events were - 55 to 110 DJ.[131 
MTR28515 ,crane/ lnterpoint 1119T Triple Channel Hybrid H: (TAMU110ct) MC H: SELJSEGR/SEB LET .. <51.5; +5Vand 3 DC/DC Converter SETs were observed. +/-15 V 
I 
I 
lV. TEST RESULTS ANO DISCUSSION 
As in our p
1
ast workshop compendia of NASA Goddard 
Space Flight Center (GSFC) test results, each OUT has a 
detailed test report available online at http://radhome.gsfc. 
nasa.gov (11] !describing the test method; SEE conditions/ 
I 
parameters, test results, and graphs of data. 
Due to page1 limitations this section· contains two featured 
part, however, the final data workshop submission will contain 
several summaries of testing performed on a selection of 
featured parts . . I . 
A. Crane Electronics Ml'R28515 DC/DC Converter 
I 
The MTR28515 is a triple-channel DC/DC converter that 
offers 30 W of output power manufactured by Crane 
Electronics. The part uses a 28 V input voltage, and supplies 5 
V and ± 15 V output voltages. This study was undertaken to 
identify sen~itiyities to SET and destructive failures. 
The MTR28515 tests were conducted in air at TAMU using 
' three different jon species (Ag, Xe, and Ta) with LETs of 42, 
52, and 77 MeV•cm2/mg, and three loading conditions. For all 
' loading conditions, the output current on the -15 V channel 
I 
was kept at a constant 10%, or 0.4 A. As for the 5 V and+ 15 
V channels, th~ output currents were varied simultaneously 
between 0.4 A,12.0 A, and 3.4 A, which equates to 10%, 50%, 
and 85% of the maximum load. A total of three parts were 
irradiated, and ;because of the physical size of the parts, each 
part was irradiated in two positions called position 1 and 
position 2 for 'simplicity. Fig. 1 shows a photograph of the 
delidded MTR285 I 5. The application boards were attached to 
metal plates to facilitate conductive heat sinking, as well as 
being actively cooled by a chiller. 
Regular voltage spikes were observed, with magnitudes of 
600 to 700 mV that lasted for approximately 200 ns. However, 
these spikes were evident when the part was in the cave 
without the beam turned on, which indicates that these 
signatures originated from sources external to the device and 
test board, and'likely were the result of noise associated with 
the accelerator ~Jectronics. When the ion beam was turned on, 
the oscilloscope triggered on larger voltage spikes with 
amplitudes of1 1.3 V and durations of roughly 350 ns. 
However, after
1
further analysis, it became clear that the actual 
transients were much longer and the oscilloscope only 
I 
captured 5 µs (with an amplitude of 150 mV). Because the 
oscilloscope trigger was not set to capture the small amplitude, 
long ~uration transients, it is impossible to know if all 
transients were captured, and therefore the transient cross-
section cannot be calculated. The captured transient signatures 
were similar across loading conditions and LETs and were 
only seen when position 2 was irradiated. Fig. 2 shows an 
example of SETs captured at two different output loads. 
More important than the transients though was the 
observation of a destructive failure that occurred at a LET of 
77 MeV•cm2/mg when the part was biased at 35 V on the 
input with 50% load conditions; position 2 was being 
irradiated at the time of the failure. The input bias current had 
stayed constant at 0.5 A, but after a fluence of 1.3 x 106 
particles/cm2, the current immediately jumped to 3.3 A (this 
value was chosen as the limiting current in the test set-up) and 
the part remained non-functioning eve!1 after power cycle). 
The MTR285 l 5 had previously passed for all loading 
conditions and ion species when the input voltage was 28 V. It 
also passed for an input voltage of 35 V for all loading 
conditions when irradiated with Ag and Xe, as well as with Ta 
when the load \\'.as l 0% of maximum rated current. Because 
the part failed at 50% load, it was not tested with Ta and an 
input voltage of 35V with a load of 85% so as not to destroy 
an additional part. After failure analysis, it was determined 
that the destructive failure was single-event burnout in one of 
the power diodes (see Fig. 3). 
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Fig. 2. SETs at input voltages of JS V, and output loads of SO% and 8S% of 
maximum (2.0 A and 3.4 A). · 
Fig. 3. The small dot in the lower right comer of the bottom diode is due to 
melted metal from the single-event burnout 
B. International Rectifier M3G2804R513R5T DC/DC 
Converter 
A customized M3G2804R513R5T DC-DC Converter from 
International Rectifier was tested for SEE at T AMU. Fig. 4 
shows a picture of the OUT with exposure zones annotated. 
The device construction was complicated by commercial 
devices not intended for flight. SEE were observed and 
documented. -A detailed . summary of test results will be 
included in the final data workshop submission pending 
programmatic approval. 
. ", 
V. SUMMARY 
We have presented current data from SEE testing on a 
variety of mainly commercial devices. It is the authors' 
recommendation that this data be used with caution. We also 
highly recommend that lot testing be performed on any 
suspect or commercial device. 
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